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Introduction
Strains of Morganella morganii are often disregarded as only harmless commensals, or possibly as opportunist pathogens, and misidentified as "indole-positive strains of Proteus". This is unfortunate because, although it has not been completely established that some strains of M. morganii cause diarrhoea, many authors (Morgan, 1906; Tribondeau and Fichet, 1916; Thjotta, 1920; Magheru, 1923; Rauss, 1936; Senior and Leslie, 1986 ) have found M. morganii to be the sole potentially pathogenic bacterial species present in the faeces of some patients with diarrhoea. Moreover, it has recently been shown that many strains of M. morganii form a calcium-dependent haemolysin (Senior and Hughes, 1988 ) that is closely related at the molecular level to the a-haemolysin, of Escherichia coli, a known virulence factor (Koronakis et al,, 1987) . Such haemolytic strains of M. morganii are highly virulent for mice and cause haemorrhagic lung oedema and death, usually within 4 h of infection (Emody et al., 1982) . Furthermore, nosocomial outbreaks of infection with some strains of M. morganii are extensive (Tucci and Isenberg, 1981) and have been associated with serious morbidity and high mortality (Williams et al., 1983) .
In studying the pathogenic and virulence properties of M. morganii, it is helpful to have a method for fine strain recognition within the species. Therefore, we investigated the usefulness of the bacteriocin typing method of Senior (1987) as a reliable and discriminating method when applied to a variety of serologically distinct strains of M. morganii from several European countries.
Materials and methods

Bacterial strains
The 21 strains of M. morgunii used for morganocin production and sensitivity typing were most of the standard typing strains previously described (Senior, 1987) . (Strains Mg 122 and Mg 130 have died.) The 45 strains of M. morgunii to be typed were isolated originally in Hungary, Czechoslovakia and Belgium from the faeces of healthy people (30 strains) and those with diarrhoea (5 strains), and from urine (8 strains) and wound infections (2 strains). They had been maintained as pure culturessome for more than 25 years-on nutrient-agar slopes at room temperature.
Media
Lab-Lemco Agar (Oxoid, CM 17) and Nutrient Broth (Oxoid, CM 67) were prepared according to the manufacturer's instructions. Saline was NaCl 8-5 g/L in distilled water. PP3 medium was Proteose Peptone No. 3 (Difco) 1% w/v and NaClO.5% w/v in distilled water. All media were sterilised by autoclaving at 121°C for 15 min.
Serotyping of strains
The 0 and H antigens of the strains were determined, after the method of Rauss and Voros (1959) , by tube agglutination tests with suspensions which were respectively held at 100°C for 2.5 h (0) or treated with formalin 0.3% (H). The 0 and H antisera were prepared by intravenous injection of increasing doses (0.2, 0.3, 0.5, 1.0 and 1.5 ml) of suspensions of bacteria, containing c. 5 x lo8 cfu/ml which had been treated with either heat or formalin (as above), into the marginal ear vein of New Zealand White rabbits (2500-3000 g) at 5-day intervals. The rabbits were bled 5 days after the last injection and the blood was collected in a sterile bottle. After the blood had clotted, the serum was removed, centrifuged at 1500 g for 10 min, Seitz filtered and stored with thimerosal (merthiolate) preservative 0.1% w/v at 4°C. Titres of sera were determined by tube agglutination tests with the respective 0 and H antigen preparations. Only titres of 3 5120 were accepted.
Morganocin preparations
These were the UV-irradiated and chloroformed supernates of mitomycin C-induced cultures of the strains growing exponentially at 30°C in PP3 medium in the dark. They were prepared as previously described (Senior, 1987) .
Typing of strains by morganocin production
A 4-pl loopful of an overnight 37°C nutrient-broth culture of each of the 21 typing strains to be used as indicators was diluted in 2 ml saline and a 4-pl loopful of the diluted culture was streaked as a single line across a well dried Lab Lemco agar plate. Each plate accommodated seven indicator strains. One drop of a morganocin preparation was placed over each indicator strain. The plates were incubated overnight at 30°C and then examined under good illumination for zones of i&ibited \ growth of the indicator strains. The type of morganocin produced, denoted by a number, was determined from a knowledge of the range of indicator strains inhibited and by reference to Senior (1987) which defined each morganocin type.
Typing of strains by morganocin sensitivity
The method used was identical to that above for typing by morganocin production except that the strains used as indicators were those whose morganocin sensitivity was to be determined. The morganocin preparations used were those of strains Mg 1 (type 32), Mg 63 (type 47), Mg 39 (type 44), Mg 100 (type 38), Mg 77 (type 19), Mg 8 (type 43) and Mg 126 (type 40). The morganocin sensitivity of a strain, denoted by a letter, was determined from a knowledge of the range of the above seven morganocins to which it was sensitive and by reference to Senior (1987) which defined morganocin sensitivity types.
Results
Every strain examined had the biochemical properties Characteristic of M. morganii. Each one formed tryptophan deaminase, urease, ornithine decarboxylase and indole and fermented mannose but not lactose nor maltose. The strains represented 23 0 serogroups, 19 H serogroups and 2 K serogroups (table I) .
Analysis of strains by morganocin production
Typing by morganocin production showed that 39 (87%) of the 45 strains produced morganocins 
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and this permitted them to be differentiated into 23 different morganocin types; 24 (53%) strains produced morganocins of types previously recognised (Senior, 1987) . Six strains (1 3.3%) yielded preparations in which no inhibitory activity against the indicator strains was detectable. These strains were called "non-producers" and were type 0. The commonest type of morganocin was type 1 which the morganocin sensitivity of a strain was related to either the 0 antigen or the H antigen of the strain. Strains with common 0 or H antigens were of different morganocin p/s types and strains of the same p/s type were antigenically distinct (table 111) .
Discussion
was produced by 22% of strains. Morganocin types 13, 16, 31 and 40 were each produced by a single strain and morganocin types 38 and 46 were each produced by two strains. Of the 45 strains, 21 (46.6%) produced morganocins of 15 types not previously recognised. These are defined (table 11) by their activity against the 21 standard morganocin indicator strains.
Analysis of strains by morganocin sensitivity
Typing by morganocin sensitivity showed that 89% of strains were sensitive to one or more of the seven standard morganocins and that the 45 strains could be differentiated into 12 sensitivity types. Eleven of these had been recognised previously (Senior, 1987) . The new type, sensitivity type f, was sensitive to the morganocins of strains Mg 1, Mg 39, Mg 77, and Mg 126, and resistant to morganocins from strains Mg 63, Mg 100 and Mg 8.
Typing of strains on the basis of morganocin production (p) and morganocin sensitivity (s) differentiated the 45 strains into 33 morganocin p/s types. Analysis of the results suggested strongly that neither the type of morganocin produced nor Several methods have been devised for fine strain recognition in M . morganii. The biotyping scheme of Rauss and Voros (1959) permitted division into only 12 biotypes but, regrettably, most strains (83%) belonged to one biotype. The phage typing scheme of Schmidt and Jeffries (1974) was no more discriminatory. Much better strain discrimination is given either by 0 and H serotyping (Rauss and Voros, 1959) or by bacteriocin typing (Senior, !1987) . The results reported in this paper in which 45 strains, most of which had been stored for many years, were differentiated into 33 morganocin p/s types, substantiates the discriminatory value of this typing method. Moreover, since 87% of strains produced morganocins and 89% were sensitive to one or more of seven morganocins, it appears that morganocin p/s characteristics are stably maintained by cultures over many years; they are unlikely to be plasmid determined, and are eminently suitable characteristics for use in distinguishing different strains of M. morganii. Furthermore, since it appears in this albeit limited study (a more extensive one is in progress), that the morganocin p/s type of a strain is unrelated to its antigenic type, even finer strain recognition is likely to be possible in M. morganii, as it is in Proteus mirabilis and P . vulgaris (Senior and Larsson, 1983) , when bacteriocin typing and serotyping schemes are combined.
In the original morganocin typing study in which the M . morganii strains studied were all local Scottish isolates, 15% were found to be "nonproducers" and the commonest morganocin produced was type 1 which was formed by 35% of 160 strains (Senior, 1987) . It was not known if these features were general characteristics or those only of the local isolates. The finding here that among the strains examined from other European countries 1 3.3% were "non-producers" and that morganocin type 1 was by far the commonest type and was produced by 22% of strains, suggests that these are general features of M. morganii strains.
With the exception of the new morganocin sensitivity type f, not previously observed, the types REFERENCES Emiidy L, Voros S, Pal T 1982 and frequency of occurrence of the morganocin sensitivities found among the strains examined here were not widely different from those previously found in other strains (Senior., 1987) . The discovery of some hitherto unknown 0 antigenic types (S. Voros and B. W. Senior, unpublished observation) among the strains of M . morganiiused in the original typing scheme (Senior, 1987) indicates that there are some differences between them and the strains studied here. It is not surprising, therefore, that new types of morganocin should be found. The discovery among the 45 strains examined here of 15 new morganocins, bringing the total to 64, was more than was anticipated. This finding, taken with the number of known serotypes of M . morganii, which is now in excess of 75 (Rauss et al., 1975) , suggests that M . morganii is a pathogen of considerable complexity and worthy of more study.
